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Abstract 
Background: Neonatal seizure is a common problem and associated with 
a great mortality rate, high risk of chronic neurodevelopmental 
impairments, also difficult to diagnosis and treatment. The aim of this 
study was to determine the neurodevelopmental outcome, clinical 
presentation and etiology of seizures in neonates admitted to Amirkola 
Children's Hospital (ACH). 
Methods: In this cross-sectional study, 42 neonates with the initial 
diagnosis of seizure, aged less than 28 days, hospitalized in ACH, 
northern Iran, from April to September 2016 were selected using 
convenient sampling method. The patients' information was gathered 
during hospitalization period and 6 months after discharge. Data were 
analyzed using SPSS 22 through descriptive and chi-square tests. 
Results: Among preterm and term neonates with seizures, the main 
diagnosis in neonates with seizures was idiopathic (38.1%) and hypoxic-
ischemic encephalopathy (HIE) (14.3%), hypoglycemia (9.5 %) 
hypomagnesaemia (7.1%) and opiate withdrawal (4.8%). Twenty-three 
neonates underwent brain computed tomography (CT) scan and 6 (14.3%) 
of them had abnormal brain imaging. Seizure control with antiepileptics 
(P=0.006), metabolic disturbance (P=0.002) and time of drug 
discontinuation (P<0.001) were significantly associated with adverse 
neurodevelopmental outcome. 
Conclusions: Since idiopathic encephalopathy and HIE were the most 
common cause of neonatal seizures, it should be attempted to improve 
care during delivery. 
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Introduction 
Seizures as the most common symptom of neurological dysfunction in 
neonates occur at the first month of life (a time of increased risk) 
[1, 2]
. 
Seizures are known as paroxysmal brain disorders and presented as 
behavioral and autonomic activity as well as abnormal motor 
[3]
. The 
incidence of seizures is about 1 to 3.5 per 1000 live births in neonatal 
period 
[4]
, but its incidence in neonatal intensive care unit (NICU) is as 
high as 10-25%, where 15% ones die and 35-40% of them have 
prominent neurological disability 
[3]
. Four recognizable clinical seizure 
types such as myoclonic, subtle, tonic and clonic are recognized and each 
of them can be multifocal, focal and generalized 
[5]
. Hypoxic-ischemic 
encephalopathy (HIE) is the most common cause (50%) of neonatal 
seizures 
[5]
. HIE is referred to any brain injury influenced by the blood 
flow to the brain and mixture of inadequate oxygen delivery 
[6]
, and to a 
neonate born with abnormal neurologic function consisting muscle tone, 
level of consciousness and reflexes 
[7]
. 
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Hypoxic-ischemic encephalopathy (HIE) is the 
most common cause (50%) of neonatal seizures 
[5]
. HIE 
is referred to any brain injury influenced by the blood 
flow to the brain and mixture of inadequate oxygen 
delivery 
[6]
, and to a neonate born with abnormal 
neurologic function consisting muscle tone, level of 
consciousness and reflexes 
[7]
. 
Other causes comprise central nervous system 
(CNS) malformations, intracranial hemorrhage, birth 
trauma, intracranial infections, drug withdrawal, 
metabolic disorders and less frequent metabolic 
disorder like inborn error of metabolism (IEM) 
[6, 8]
. 
The common metabolic disorders were 
hypomagnesaemia (Mg<1.2 mg/dL), hypernatremia 
(Na>145-150 mg/dL), hyponatremia (Na<120 
mg/dL), hypocalcemia (Ca<7.5-8 mg/dL) and 
hypoglycemia (glucose level<35-40 mg/dL) 
[9]
. 
Prolong nothing per oral (NPO) or fasting may lead to 
metabolic abnormalities. Exact mechanism of fits is 
not known in hypomagnesaemia, hypoglycemia and 
hypocalcemia 
[6, 10]
. Proper fluid and electrolyte 
management can decrease these abnormalities of 
metabolic disturbance and consequently, the 
occurrence of seizures can be declined 
[6]
. 
Neonatal seizure is an emergency, and its early 
diagnosis and therapy are necessary because any 
delayed treatment modality results in a long-term 
disability and unfortunate neurological outcome 
[3]
. 
Recent studies on animal model indicated that the 
neonate's CNS, to some extent, could be resistant to 
long-lasting seizures whereas the frequent short-term 
seizures could have long-term disability and 
detrimental effect in these patients 
[11, 12]
. 
This study was conducted to determine the etiology, 
clinical type and outcome of seizures in male and 
female neonates with seizures, hospitalized in NICU. 
 
 
Methods 
This prospective, descriptive and cross-sectional 
study was performed at the NICU of Amirkola 
Children's Hospital (ACH) affiliated to Babol 
University of Medical Sciences, Northern Iran, from 
April to September 2016. A total of 42 male and 
female neonates with seizures admitted in NICU 
through pediatrics emergency room were enrolled in 
the current study using census sampling method. In 
addition, all referred neonates from other hospital were 
included the present study based on inclusion criteria. 
An informed written consent form was obtained from 
their parents/attendants.  
Data including duration and type of seizures, age of 
the neonates, maternal drug intake during pregnancy, 
antenatal history of intrauterine infection and maternal 
disorders were collected from referring to hospital 
records. Moreover, the delivery specifics included 
duration of labor, place of delivery, Apgar score <3 at 
1 and 5 minutes of age, mode of delivery and history of 
resuscitation. Family history of neonatal fits, 
transfusion, jaundice and deaths was recorded. The 
feeding history was obtained. 
First line investigations including serum sodium, 
urea/creatinine, magnesium and calcium, blood sugar, 
complete blood count (CBC) with peripheral smear, 
cerebrospinal fluid (CSF) for any evidence of infection, 
hepatic function tests, electroencephalogram (EEG) 
and cranial ultrasound were done for all of them. 
Moreover, screening for inborn error of metabolism, 
blood culture, TORCH antibody titer, computed 
tomography (CT) scan, reticulocyte count, Coombs test 
and urine for reducing substances were performed. All 
mentioned work-ups were conducted on selected cases 
guided by examination, history and primary work-ups 
to reach the final diagnosis. Follow-up was done every 
3 months by a pediatric neurologist up to six months 
after discharge from hospital based on Denver 
Developmental Screening Tests (DDST). 
The data were analyzed using SPSS 22. Descriptive 
and analytical (Chi-square test) statistics were used for 
proper parameters. 
 
 
Results 
During 6-month period, 42 patients (48% females, 
52% males) with presentation of seizure were admitted 
to ACH. Their average age and gestational age was 
3±1.50 days and 40 weeks, respectively. Among them, 
28 (66.7%) and 35 (83.3%) neonates had normal 
electrolyte balance and metabolic profile, respectively. 
Fifteen (35.7%) neonates had abnormal neurologic 
deficit which was highly correlated with inborn error 
of metabolism as a cause of seizure. The most 
common neurologic finding was swallowing problem 
(9 neonates=21.4%). 
Sixteen (38.1%) and 6 neonates had idiopathic 
seizure and HIE (the cause of seizure), respectively. 
Among 42 neonates with seizure, 28 and 14 ones were 
controlled with one antiepileptic drug and two 
antiepileptic drugs, respectively. Totally, 27 and 15 
neonates had normal and abnormal growth rate, 
respectively. Regarding timing of drug discontinuation, 
10 (23.8%) patients discontinued antiepileptic drug 
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before discharge and 20 (47.6%) ones continued 3-
month treatment after discharge. No relapse was 
reported after antiepileptic treatment discontinuation 
(table 1). 
Twenty-three neonates underwent brain CT scan 
and 6 (14.3%) of them had abnormal brain imaging. 
One neonate based on sonographic findings had grade 
2 intraventricular hemorrhage. Regarding EEG and 
venous blood gas (VBG), 6 (14.3%) and 7 (16.7%) 
newborns had abnormal results, respectively (table 2). 
All four patients with transient hypoglycemia had 
normal neurodevelopment. Among 3 patients with 
maple syrup disorder, only one had normal 
development (table 3). 
There was no significant correlation between 
electrolyte imbalance and neonatal development 
(P=0.23). During discharge, antiepileptics were 
discontinued in 23.8% of neonates and continued in 
47.6% till 3 months later at follow-up visit. 
 
 
Table 1: Prevalence of seizure etiology in hospitalized neonates 
Percentage Frequency Etiology of Seizure 
38.1 16 Idiopathic 
14.3 6 HIE 
9.5 4 Transient Hypoglycemia 
7.1 3 Hypomagnesaemia 
7.1 3 Maple syrup disease 
4.8 2 Hypocalcemia 
4.8 2 Opiate withdrawal 
2.4 1 Infection 
2.4 1 Intraventricular Hemorrhage 
2.4 1 Congenital metabolic disorders 
2.4 1 Methylmalonic Acidemia 
2.4 1 Hyperglycinemia 
2.4 1 Toxicity 
 
 
Table 2: Relationship between seizure outcome and different diagnostic tools 
Cause of Seizure 
Normal 
development 
(N=27) 
Abnormal 
development 
(N=15) 
P-value 
Sonographic findings 
Normal 
Abnormal 
Grade 2 IVH 
 
25(64.1) 
1(50) 
1(100) 
 
14(35.9) 
1(50) 
- 
0.99 
Brain CT scan 
Not requested 
Normal 
Abnormal 
unstable 
Not Consent 
 
17(89.5) 
9(60) 
- 
- 
1(100) 
 
2(10.5) 
6(40) 
6(100) 
1(100) 
- 
<0.0001 
EEG 
Normal 
Abnormal 
Unstable 
Not Consent 
 
20(6.5) 
4(66.7) 
1(33.3) 
2(100) 
 
11(35.5) 
2(33.3) 
2(66.7) 
- 
0.61 
VBG 
Normal 
Abnormal 
 
23(56.7) 
4(57.1) 
 
12(34.3) 
3(42.9) 
0.68 
  
314 | P a g e              Caspian Journal of Pediatrics, Sep 2018; Vol 4(No 2), Pp: 311-5 
Table 3: Relationship between seizure outcome and etiological factors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion: 
Among the etiological factors, the idiopathic was 
the most common finding and HIE (14.3%) was the 
second common cause. This finding is comparable to 
several studies 
[10, 13, 14]
. 
In the present study, there were infections in 24.5% 
of cases. Two studies also reported the infections in 
28.2% and 28.7% of neonates, respectively 
[15, 3]
, which 
are similar to our finding. However, a study by Legido 
et al. showed that 17.2% of neonates had infections so 
that this difference could be due to the high incidence 
of infection in our culture. 
In the current study, the intracranial hemorrhage 
was observed only in one neonate, which was lower 
than that in several studies 
[3, 16, 17, 18]
 and this difference 
could be because of lower rate of preterm neonates in 
our investigation. To our best knowledge, the 
intracranial hemorrhage occurs more frequently in 
preterm than term neonates. 
The most common metabolic disturbance was 
hypoglycemia, which is concordant with the 
observations of Fiaz et al. 
[3]
. In the current study, 15 
neonates developed abnormal neurologic deficit which 
was highly correlated with inborn error of metabolism 
as a cause of seizure. The most common neurologic 
finding was swallowing problem. In the present and 
other studies, the most common etiology of seizure was 
idiopathic and the same frequency of Maple syrup 
urine disease was found in neonates 
[11]
. 
There was no correlation between these metabolic 
disturbances and neurodevelopmental outcomes  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although metabolic abnormalities were observed in 
16.7 % of newborns in the running study.  
In another study, all 120 neonates underwent EEG 
which was abnormal in 26 (21.6%) cases 
[17]
. According 
to Scher et al., the neonates had more complications and 
illustrated high frequency of abnormal EEG, which 
could be because of genetic, environmental and maternal 
status in pregnancy period 
[17]
. 
In conclusion, idiopathic causes and birth asphyxia 
were the foremost etiology identified in most neonatal 
seizures in this cross-sectional study. However, to 
establish the exact cause of seizures, more extensive 
work-up and investigations are needed to better 
understand, prevent and treat the neonatal seizures in 
Northern Iran. 
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Cause of Seizure 
Normal 
development 
(N=27) 
Abnormal 
development 
(N=15) 
P-value 
HIE 2 (33.3%) 4 (66.7%) 
0.04 
Infection - 1 (100%) 
IVH 1 (100%) - 
Hypoglycemia 4 (100%) - 
Urea cycle defect - 1 (100%) 
Idiopathic 11 (68.8%) 5 (31.3%) 
Opiate withdrawal 2 (100%) - 
PKU - 1 (100%) 
Methylmalonic acidemia - 1 (100%) 
Hyperglycemia - 1 (100%) 
Hypocalcemia 3 (100%) - 
Hypomagnesemia 2 (100%) - 
Maple syrup disease 1 (33.3%) 2 (66.7%) 
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